This paper presents a large sample of intermediate-to high-redshift galaxy groups and clusters detected using a fully automated search in the Cosmic Evolution Survey field. The detection algorithm is based on density peak extraction from a density distribution sampled using Voronoi tessellation within overlapping slices in the photometric redshift space. The cluster catalogue contains 1780 structures covering the redshift range 0.2 < z < 3.0, spanning three orders of magnitude in luminosity (10 8 < L 4 < 5 × 10 11 L ) and richness from eight to hundreds of galaxies. All clusters at z > 0.4 and many even below this threshold show very prominent substructure indicating that z ∼ 0.4 marks the slow emergence of virialized clusters in this field in agreement with published findings for other regions of the sky. The redshift distribution of detected structures shows strong variations with prominent peaks suggesting the presence of large-scale structures across the whole range covered by this catalogue. Supercluster candidates have been identified at redshifts z = 0.35, 0.72, 0.94, 1.12, 1.27, 1.45, 2.0 and 2.52. At z = 2.9 we identified a compact agglomeration of galaxy groups and clusters suggesting the presence of another supercluster-like structure which has been the highest redshift candidate so far. Out of the nine supercluster candidates found in this study, six are new detections.
Groups and clusters of galaxies are the largest gravitationally bound systems in the Universe. Their number density and clustering strongly depend on cosmological parameters providing a potential means to constrain the underlying cosmological model (e.g. Bahcall et al. 2003; Schuecker et al. 2003; Gladders et al. 2007; Rozo et al. 2009 ). Groups and clusters also harbour a large fraction of all galaxies and provide the vibrant environment that promotes their chemical evolution and morphological transitions. Consequently, the analysis of the group and cluster environment and its impact on the member galaxies fosters the understanding of the physical processes governing galaxy evolution and provides further testing of current models (Voit 2005) .
The wealth of physical processes taking place in groups and clusters is exploited in the multiplicity of the group/cluster detection E-mail: iks@astro.ox.ac.uk techniques. The most popular techniques include the detection of X-ray emission from hot gas (Romer et al. 2001; Pierre et al. 2006; Finoguenov et al. 2007 ), Sunyaev-Zel'dovich effect in the cosmic microwave background (Carlstrom, Holder & Reese 2002; Voit 2005) , cosmic shear due to weak gravitational lensing (Weinberg & Kamionkowski 2002) and galaxy overdensities in optical, nearinfrared (NIR) or mid-IR images (e.g. Lopes et al. 2004; Koester et al. 2007 ).
Abell (1958) constructed the first cluster catalogue by a systematic approach to the visual inspection of photographic plates. Zwicky et al. (1961 Zwicky et al. ( -1968 constructed another large catalogue, also using visual inspection. Improvement of the performance and accessibility of computers allowed the implementation of fully automated cluster algorithms (e.g. Shectman 1985; Dodd & MacGillivray 1986) . Since spectroscopic information is limited to very small areas of sky or to low redshifts (e.g. z ∼ 0.15 for the 2dFGRS; Colless et al. 2001) , the challenge for cluster detection algorithms is to reduce the projection effects using only photometric data. Postman et al. (1996) introduced a matched filter (MF) algorithm -a maximum-likelihood method, which assumes a filter for both the cluster radial profile and the luminosity function of the cluster galaxies. At the same time as improvements to the original MF resulted in the adaptive matched filter (Kepner et al. 1999) , many other statistical and astronomical concepts found applications in galaxy cluster surveys. Voronoi tessellation (VT) has been applied very successfully in connection with thresholding of the density peaks (Kim et al. 2000; Ramella et al. 2001; Söchting, Clowes & Campusano 2002) , or incorporating a maximum-likelihood estimator (MLE; Söchting, Clowes & Campusano 2004; Söchting et al. 2006) .
The deep multiwavelength data of the 2 degree 2 Cosmic Evolution Survey (COSMOS; Scoville et al. 2007 ) opens the opportunity for systematic searches for galaxy groups and clusters probing the deepest redshifts yet. Knobel et al. (2009) compiled a spectroscopic group and cluster catalogue reaching z ∼ 1. Finoguenov et al. (2007) used a combination of X-ray and photometric redshifts to reach z ∼ 1.3. Taking advantage of new and much improved photometric redshifts published for galaxies in the COSMOS field by Ilbert et al. (2009) , we present in this paper currently the deepest sample of groups and clusters reaching the redshift of z ∼ 3.
The cosmological parameters adopted throughout this paper are m = 0.3, = 0.7 and H 0 = 70 km s −1 Mpc −1 .
DATA
We use the data of the 2 degree 2 COSMOS (Scoville et al. 2007 ) with the 30-band photometric redshifts by Ilbert et al. (2009) . The multiwavelength COSMOS catalogue includes 607 617 objects and it was designed for studies of galaxies and large-scale structures at high redshift. The data reach a usable depth of z = 3 with sufficient objects at this redshift to allow a statistically meaningful search for galaxy structures. According to Ilbert et al. (2009) , the comparison of the derived photo-z with 4148 spectroscopic redshifts (i.e. z = z s −z p ) indicates a dispersion of σ z /(1+z s ) = 0.007 at i + AB < 22.5; at fainter magnitudes i + AB < 24 and z < 1.25, the accuracy is σ z /(1 + z s ) = 0.012. At higher redshifts (z ∼ 2) the accuracy drops to σ z /(1 + z s ) = 0.06 at i + AB ∼ 24. As shown in Fig. 1 , the relative depth of the coverage changes dramatically over redshift with the lowest redshifts being dominated by very high numbers of low-luminosity galaxies. Thus, the input galaxy catalogue used to construct the cluster search was restricted in magnitude to i + AB < 21.5+3.0×z ph . The choice of the parameters was driven by the desire to construct a relatively homogeneous input catalogue up to the redshift of z ∼ 1.3, which marks the start of more rapid degradation of the accuracy of the photometric redshifts of the input data. Note that this restriction does not have any impact beyond z ∼ 1.3, where the selection limit matches the survey depth limit.
G RO U P D E T E C T I O N A L G O R I T H M
The galaxy groupings are detected as density peaks in narrow slices in photometric redshift. The redshift slices are relatively narrow with δz = 0.02 × (1 + z) and 50 per cent overlap between the slices. The choice of the width of the redshift slices was based on 1σ = 0.01 photometric redshift error found for faint COSMOS galaxies with IR counterparts (Ilbert et al. 2009 ). The overlap is important to account for structures that would fall on to the boundary of two redshift slices. The size of the COSMOS field is very small relative to typical sizes of rich galaxy clusters at the lowest redshift (z < 0.2), compromising their detection. For this reason, the detection AB magnitude distribution as a function of the photometric redshift with objects marked grey (all objects above the solid line) being removed to improve the homogeneity of the depth coverage for the whole redshift range of our study. The solid line marks the threshold i
procedure was started at z = 0.18 resulting in a catalogue biased against clusters at z < 0.2.
In each redshift slice, the density distribution was sampled using VT by the application of IDL routines TRIANGULATE and VORONOI. VT provides a partition of the investigated area into convex cells around every galaxy (Fig. 2) . The inverse of the area of a Voronoi Figure 2 . Example of VT constructed on the actual data from a slice at z ∼ 2.7 around a poor cluster (ID 1758) at the limit of our detection criteria (eight members). The black dots are galaxies within the redshift slice (2.667 < z < 2.816) and the asterisks are members of the cluster. The dotted polygon is the boundary of the cluster (see later sections for details).
cell gives the number density at the position of the galaxy. Since only the spatial structure of the galaxy distribution decides the sizes of the cells, VT provides a non-parametric method of sampling the underlying density distribution. For more information on VT see Okabe et al. (2000) and references therein.
Galaxy clusters are detected as peaks in the galaxy density (δ) distribution. The simplest approach to locate the density peaks is to select the objects that exceed a threshold σ for the density contrast with respect to the background. The density contrast σ i at the position of the ith object is defined as
where δ i is the density andδ is the mean density. One should remember that using Voronoi cells the mean density is calculated as
where A i is the area of the Voronoi cell around object i and n is the overall number of objects. This approach has been applied in most VT-based procedures, producing excellent results (e.g. Kim et al. 2000; Ramella et al. 2001; Söchting et al. 2002) . Candidate structures are selected in each redshift slice as density peaks above twice the mean density (σ = 1.0) with a minimum of eight connected cells exceeding the density limit. The limit of eight minimum members is born out of our previous experience of using VT for cluster detection and the desire to exclude the poorest structures. The samples from all the slices were combined by merging any structures with eight or more common members. This is a very conservative approach, adopted to practically eradicate overmerging (accidental merging of distinct and separate structures) and preserving self-contained subclusters of larger galaxy clusters as distinct structures. The main motivation is the lack of clarity as to when a group may or should be considered to be an integral part of a richer cluster and when it is just a close neighbour and member of the same supercluster. The risk associated with a conservative approach is the occurrence of some fragmentation which is an undesirable splitting of bound components into separate structures. However, as shown in the later sections of this paper, our conservative approach preserved even forming clusters as single structures and separated out only groups very distinct from the main structures. We are mostly interested in the relation between galaxy structures and active galactic nuclei and the composition of galaxy clusters, and consequently have chosen an approach that best aids our research.
To ensure a homogeneous definition of richness and also to reduce the contamination by chance projections the final structure memberships have been limited to galaxies falling within the ±0.02 × (1 + z cl ) redshift region around the cluster redshift z cl . A median redshift was used to calculate the z cl to ensure the best possible centring in the redshift space with minimum impact by outliers which might have been merged due to projection effects. Only galaxies in the final membership selection are used to define the boundaries of the structures and compute structure parameters in the catalogue. The boundary of a structure is defined as the smallest convex hull (= polygon of minimum area) that encloses all the vertices of the Voronoi cells of all the final cluster member galaxies as defined by the tessellation of all galaxies within the redshift slice z cl ± 0.02 × (1 + z cl ). Such an approach excludes galaxies that are simultaneously on the spatial and redshift edges of the original detection from influencing the determination of the cluster boundary.
E VA L UAT I O N O F T H E C ATA L O G U E C O M P L E T E N E S S
Due to the degrading accuracy of the photometric redshifts and the decreasing relative depth of the COSMOS data at redshifts z > 1.25 (Ilbert et al. 2009 ), our catalogue is becoming increasingly biased against poorer structures beyond that redshift. The lack of comparable cluster samples in the literature and the uncertain nature of the structure evolution beyond z ∼ 1.0 make it impossible, for the time being, to provide a meaningful estimate of the catalogue completeness beyond this redshift. At the lower redshift, z < 1, the existing X-ray and optically selected cluster catalogues in this field provide a useful benchmark to test the completeness of our catalogue.
The X-ray selected sample of Finoguenov et al. (2007) contains 63 clusters at redshift 0.2 < z < 1.3. Assuming matching criteria demanding the quoted X-ray position to be within the boundary of a cluster in our sample and also within z = 0.1 in the redshift space, 56 of the X-ray clusters have counterparts in our catalogue. Looking closely at the possible non-detections, we found that two of the X-ray clusters (IDs: 3 and 9) are at the very edge of the field and lack proper optical sampling, and the remaining five X-ray clusters (IDs: 93, 87, 20, 51 and 134) are extremely weak X-ray detections and would fall outside the detection criteria in many other X-ray cluster selections. Thus, we conclude that our catalogue is 92-100 per cent complete relative to an X-ray selected catalogue.
The spectroscopically selected (zCOSMOS 10k galaxy sample) catalogue by Knobel et al. (2009) provides a useful comparison in the optical regime up to z ∼ 1. To match it with our compilation, it has been restricted to z > 0.2 and also the borderline detections (GRP = 0 -usually very poor groups detected by a single method which failed verification by the second method) have been removed to provide the best 'like with like' comparison. The remaining 536 clusters of the Knobel et al. sample have 308 objects (57 per cent) in common within our catalogue if we use d r = 5 arcmin and z = 0.04 as matching criteria. These criteria are different from those used for the X-ray selected catalogue because of the high accuracy of the spectroscopic redshifts used by Knobel et al. but poor cluster centring due to low membership numbers (in some cases just two member galaxies). Thus, we found that using a fixed search radius of d r = 5 arcmin accounts better for the uncertainty of the cluster/group centres. Knobel et al. (2009) quote a purity parameter for their catalogue of ∼80 per cent which would suggest that our catalogue is at least 71 per cent complete relative to the Knobel et al. sample. Conversely, 27 per cent of z < 1 structures from this catalogue are also found in the Knobel et al. (2009) sample.
Taking advantage of the fact that all galaxies in the zCOSMOS 10k galaxy sample used by Knobel et al. have counterparts in the photometric COSMOS sample used in our study, we also compared both cluster catalogues using shared member galaxies as a matching criterion. Without any restrictions applied to the Knobel et al. sample, we found that 31 per cent of their structures have at least one member galaxy in common with a structure presented in this paper. Constraining the Knobel et al. sample to only structures that have at least one member galaxy with a galaxy purity parameter GAP = 2 (i.e. at least one member galaxy has two-way match between both the detection methods used by Knobel et al.) , z > 0.2 and at least three members, we identify 49 per cent of structures in common with our sample. For structures with five or more members, which are highlighted by Knobel et al. as relatively secure detections, the agreement with the cluster sample presented in this paper increases to 70 per cent.
Considering that we have matched catalogues derived through different techniques the level of agreement is very high and compares well with fractions published for other cluster catalogues (e.g. Knobel et al. 2009; Szabo et al. 2011) . The new catalogue with the addition of galaxy clusters at z > 1.3 provides a substantial enhancement to the existing samples.
P RO P E RT I E S O F T H E G RO U P A N D C L U S T E R S A M P L E

Redshift distribution
The cluster catalogue contains 1780 structures ranging from galaxy groups to rich galaxy clusters. The majority of structures, 1485 systems, have been detected below the redshift z < 1.3. This rapid decline in the detection rate can be mainly attributed to the limited depth of the COSMOS data and strong degradation of the accuracy of photometric redshifts above this redshift threshold. The typical standard deviation of the photometric redshifts of all the group/cluster member galaxies is around 0.006 * (1 + z cl ) (Fig. 3 ). The redshift distribution shows strong local variations (Fig. 4) indicating the presence of large-scale structures at multiple redshifts.
The presence of such peaks in the redshift distribution is clearly identifiable even at higher redshifts despite reduced detection depth. Such large-scale structures are formed by the cumulation of several groups and clusters of galaxies allowing us to suggest the possibility of the presence of supercluster candidates at redshifts z = 0.21, 0.35, 0.72, 0.94, 1.12, 1.25, 1.45, 2.0 and 2.55. Furthermore, we note that a coherent structure beyond the scale of a single cluster is present at redshift z = 2.9, the most distant candidate for a precursor of today's superclusters. We revisit the spatial properties of those redshift agglomerations in a later section of this paper.
Richness distribution
The richness of structures within our catalogue is defined as the number of galaxies within the boundary of the cluster and its redshift limits, and thus, equals the number of final member galaxies. This measure is relative and numerical comparison between clusters is only valid within this catalogue. Nevertheless, we intend to add in the future spectroscopic mass estimates for some of the clusters to allow a calibration of the mass to richness relation. The catalogue contains a very high number of structures due to the inclusion of galaxy groups and poor clusters with the aim to foster the study of structure formation. As shown in Fig. 5 , it is dominated by groups and poor clusters throughout the whole redshift range up to z ∼ 1.3, as would be expected in a hierarchical formation model. Beyond this redshift, the richness is increasingly underestimated due to the magnitude limit of the COSMOS survey, consequently, becoming a less satisfactory means of comparison for the detected structures.
Luminosity distribution
Besides the richness, a second method to approximate the mass of a cluster is to use its luminosity. Nevertheless, it brings new challenges. Calculating the luminosity of a cluster as a sum of the luminosities of its member galaxies would assume that all members, down to the smallest dwarf galaxy, can be accounted for. Obviously, that is rarely the case and with increasing redshift a higher fraction of member galaxies must be assumed to be undetected. At the low redshift, a fudge factor can be used with some success. However, with increasing redshift this approach is becoming highly inaccurate (Padilla et al. 2004) . A different approach is to avoid the approximation of the total luminosity and use a constant number of brightest galaxies in every cluster to allow comparison between structures (but not the total mass approximation!). As outlined by Eke et al. (2004) , such an approach might be in many cases more accurate than use of a virial estimate. Padilla, Lambas & González (2010) used the four brightest galaxies as a proxy and we adopted this approach to quote the K-band luminosity for structures in this catalogue ( i=4 L i abbreviated as L 4 in the plots). The use of the limited number of the brightest galaxies in each structure addresses also the shortcoming of the richness measure which is increasingly underestimated for all structures at z > 1.3.
The K band was chosen because the total stellar mass content is better reflected in the NIR luminosities which are less influenced by the detailed star formation history of the galaxy. Also the shape of the NIR spectral region is less dependent on the age of the stellar populations, and thus, the k-corrections. Consequently, the luminosities can be determined with larger precision in the K band than in, for example, the V band (Longhetti & Saracco 2009 ). We used the classic k-correction assuming z f = 4 and the solar metallicity model (Bruzual & Charlot 2003) .
The catalogue covers over three orders of magnitude of cluster luminosities, ranging from 10 8 to 5 × 10 11 L with the majority of structures in the 5 × 10 10 to 10 11 L range (see Fig. 6 ). Beyond the redshift of z ∼ 1.3 structures with lower luminosities are disappearing due to the depth limit of the data. There is only a small decline in the peak luminosity with increasing redshift indicating that the most luminous cluster galaxies were already in place at the early stages of formation (Fig. 7) . The poorest structures span 1.3) . The distribution appears to be dominated by very poor structures, which verifies that the brightest cluster galaxies formed already at the group stage.
the widest range of luminosities and the richer structures converge to almost constant luminosities indicating that the more massive cluster galaxies have already formed at the group stage of cluster build-up (Fig. 8) .
Obviously, we need to verify that the presence of such very luminous groups and poor clusters is not a reflection of the underestimated richness of high-redshift clusters. For this purpose, we plot in Fig. 9 the distribution of just the lower redshift (z < 1.3) highluminosity (log 10 ( i=4 L i /L ) > 10.7) structures. It clearly shows that even this restricted sample is strongly dominated by groups and poor clusters providing the needed verification.
Revisiting the redshift distribution with the cluster sample restricted to just the brighter objects (log 10 ( i=4 L i /L ) > 10.7), we note that some of the low-redshift peaks detected in the complete sample have disappeared (Fig. 10) . It seems that the structures at z = 0.22 and 0.6 are numerous, but lack very bright galaxies raising the question of how common such pseudo-superstructures consisting of groups and clusters of faint galaxies might be.
Density distribution
The projected densities of galaxies in groups and clusters were calculated using the richness of the structures and their area was defined as a convex hull enclosing all the Voronoi cells of the cluster members. The robustness of this approach to delineate the boundaries of galaxy clusters was illustrated by Söchting et al. (2002) . Fig. 11 shows that, surprisingly, not the richest but some of the poorest structures have the highest projected densities. The richest clusters, on the other hand, appear to favour the same projected number density with only a small fraction tracing the expected increase of density with richness.
Following those trends in more detail we find that the extremely dense but poor structures are almost all (39 out of 43) associated with the z = 0.21 peak in the redshift distribution of all detected structures. Three others are associated with the next peak at z = 0.29 and a single one is at redshift of z = 0.69. Furthermore, all those extremely dense but poor structures are made up of relatively faint galaxies. One possible explanation would be a preferred direction in the distribution of small filaments in the z = 0.21 region which is plausible in the sense that it applies to a spatially very limited region and a very narrow redshift range. The extremely dense but poor structures would be simple projections of such filaments aligned with the line of sight. Another possibility would be that, at low redshifts, the regions with prominent large-scale structure start to promote the creation of extremely compact groups of fainter galaxies, hardly present beyond z = 0.3.
Looking at the very rich structures tracing the constant density trend at around 20 Mpc −2 , we find that all those clusters are usually at somewhat higher redshift and have prominent substructure in the form of filament-like overdensities extending in multiple directions (see Fig. 12 for examples) . On the other hand, structures following the trend of increasing density with increasing richness are all at the redshift of z < 0.4 and have little or weak substructure (see Fig. 13 for examples) . Thus, the trends visible in the projected density versus richness diagrams provide a genuine discrimination between rich but still forming clusters and evolved rich clusters. We note that clusters start to become evolved only very recently with all evolved clusters in the COSMOS field having redshifts z < 0.4.
S U P E R C L U S T E R C A N D I DAT E S
The redshift distribution, presented in an earlier section, indicated the possible presence of 11 distinct layers of superstructures, of which nine can be considered as supercluster candidates on the basis of the presence of luminous clusters besides the enhanced overall number of structures. The three lowest redshift candidates (z ∼ 0.35, 0.72 and 0.94) have been already reported in the literature (Knobel et al. 2009; Scoville et al. 2007) . Also the pie diagrams of the RA versus redshift and Dec. versus redshift distributions (Figs 14 and 15) indicate the presence of voids and agglomerations of luminous galaxy clusters. However, due to the uncertainty of the cluster redshifts based on just the photometric redshift of the member galaxies, a 3D delineation and statistical verification of superclusters are at this point not possible. Basically, even assuming that all clusters have redshifts accurate to 0.006(1 + z ph ), such an error corresponds to a much larger scale (30-150 Mpc) than the field size at the given redshift. Even an attempt to outline a 2D projected boundary of the superclusters is hampered by the relatively small size of the COSMOS field. Einasto et al. (2011) found from a large sample of low-redshift superclusters that their diameters range from about 20 to 100+ h −1 Mpc and morphologies are usually very filamentary. Considering that the COSMOS field is just 20-40 Mpc in extent (redshift dependent), it is most likely covering just parts of the superclusters, and to outline their boundaries, we would need to extend considerably the spatial coverage. Nevertheless, the current information allows us to visualize the presence of accumulations of galaxy clusters, which will be defined as supercluster candidates, at a level sufficient to mark them for a future follow-up.
A brief description of every supercluster candidate is presented in this paper and a detailed study of such structures will be shown in a future work. z = 0.21 pseudo supercluster: the large overdensity of groups and clusters as the redshift z = 0.21 is dominated by very faint structures. This overdensity practically disappears when only bright clusters (log 10 ( i=4 L i /L ) > 10.7) are considered (Fig. 10) . For this reason we would like to call it a pseudo-supercluster. The structure is also unique in the sense that it contains numerous extremely dense groups. These groups are relatively poor and faint and are found only very rarely outside the z = 0.21 pseudo-supercluster. Fig. 16 shows the spatial distribution of all groups and clusters within this structure. It should be noted that at this redshift the size of the COSMOS field is very small (∼10 Mpc) in relation to known superclusters extending many tens of Mpc which could mean that only outskirts of a supercluster are covered. (Fig. 17) . Due to this proximity in the radial direction both structures could be part of the same supercluster. For clarity, Figs 18 and 19 show the distributions of groups and clusters in each layer separately. z = 0.60 pseudo−supercluster: the large overdensity of groups and clusters at the redshift z = 0.60 is dominated by very faint structures (Fig. 20) . This overdensity practically disappears when only bright clusters (log 10 ( i=4 L i /L ) > 10.7) are considered (Fig. 10) . Like the structure at z = 0.21, this agglomeration at z = 0.61 has also been classified as pseudo-supercluster. z = 0.72 supercluster: this supercluster is dominated by a wellknown rich and luminous cluster ID = 634 at z = 0.712. The central cluster appears to be still in the process of formation as judged by the presence of filamentary substructure. As shown in Fig. 21 , this is a highly dense and centrally concentrated supercluster candidate. z = 0.94 supercluster: this supercluster candidate has a somewhat broader redshift distribution; however, it consists of relatively luminous structures suggesting a strong mass enhancement. The projected 2D distribution of groups and clusters in the redshift range of the supercluster (Fig. 22) is also very non-uniform with a band of structures marking a local supercluster core. z = 1.12 double−layered supercluster: similar to the z ∼ 0.37 supercluster candidate, this structure also shows two clear layers of groups and clusters which occupy the same region and are separated only by z = 0.02 (Fig. 23) . Due to this proximity in the radial direction both structures could be part of the same supercluster. z = 1.27 supercluster: a supercluster candidate consisting of luminous structures distributed in filamentary pattern towards a common point of origin (Fig. 24) . The member structures occupy a very narrow redshift range in particular considering the broadening introduced by the uncertainty of the photometric redshifts. z = 1.45 supercluster: a prominent filament of bright groups and clusters extending along the Dec. axis (Fig. 25) . z = 2.0 supercluster: this grouping of structures is fragmented in spatial and radial directions; however, the proximity of the fragments suggests that they might be connected within a single supercluster (Fig. 26) . z = 2.52 supercluster: agglomeration of luminous groups and clusters forming a diagonal filament in the RA-Dec. and Dec.-z ph space (Fig. 27) with increasing redshift at decreasing Dec. z = 2.9 supercluster: this supercluster candidate has a broader redshift distribution but a very narrow and relatively small footprint in the RA-Dec. plane (Fig. 28 ).
C ATA L O G U E
The cluster catalogue contains 1780 structures covering the redshift range 0.2 < z < 3.0, spanning three orders of magnitude in luminosity (10 8 < i=4 L i < 5 × 10 11 L ) and richness from eight to hundreds of galaxies. Table 1 lists the richest clusters providing an example of information available for all structures found by this study. The complete catalogue is published in the electronic version of this paper. The ID of the structure is the internal detection number. The RA and Dec. are the mean coordinates of all the final member galaxies. The area of the structure is that of the smallest convex hull (= polygon of minimum area) that encloses all the vertices of the Voronoi cells of all the final cluster member galaxies. The richness is the number of the final cluster members derived from the magnitude restricted input catalogue. The number density is the richness divided by area. The i=4 L i is the sum of luminosities of the four brightest galaxies in the K band.
C O N C L U S I O N S
The presented catalogue of galaxy structures in the COSMOS field covers the redshift range 0.2 < z < 3.0, which is currently the deepest compilation based on a fully automated detection algorithm.
The included structures range from compact groups to rich clusters making the catalogue particularly well suited for the study of structure assembly with interesting results already emerging from the evaluation of the most basic sample parameters.
We find that a density versus richness diagram is a useful tool to discriminate between evolved clusters and those with still prominent substructure with the later showing lower densities relative to richness. According to this approach, morphologically evolved clusters with no or minimal signs of substructure are relatively recent appearances with all such structures within the COSMOS field having z < 0.4. This result is compatible with the results of Maughan et al. (2008) , who have studied the cluster morphologies in a large sample of 115 galaxy clusters in the redshift range 0.1-1.3 observed with Chandra and found a significant absence of relaxed clusters (as determined by centroid shift measurements) at z > 0.5. It is important to remember that our discrimination between evolved and forming clusters is based on the morphology, whereas the sole presence of X-ray emission in connection with an overdensity of early-type galaxies would suggest the presence of evolved clusters already at z ∼ 2 (Gobat et al. 2011) .
Numerous poor groups contain very massive galaxies as suggested by their i=4 L i being only marginally smaller than that of the richest clusters. This would indicate that the most massive galaxies have already formed within groups and the clusters would have formed recently from the mergers of many compact groups and would still be in dynamically unrelaxed state, as suggested by Coziol et al. (2009) . This scenario is also supported by our finding that all structures at z > 0.4 and many at the lower redshifts have prominent substructure and must be assumed to be still forming.
Across the whole redshift range the numbers of structures appear to fluctuate forming strong local peaks suggesting the presence of large-scale structures at many redshifts. The most prominent peaks are at redshifts z ∼ 0.35, 0.72, 0.94, 1.12, 1.27, 1.45, 2.0, 2.52 and 2.9. The overdensities at z ∼ 0.35 and 0.72 have also been detected by Knobel et al. (2009) and the z ∼ 0.94 structure by Scoville et al. (2007) . The z = 0.72 supercluster candidate is a welldocumented structure dominated by a rich galaxy cluster (ID634 in this study), previously discovered using weak-lensing method (Miyazaki et al. 2007 ) and also in X-ray (Finoguenov et al. 2007 ).
The dominant cluster appears unrelaxed in the sense that it displays much substructure. Nevertheless, the supercluster candidate is highly centrally concentrated around this cluster.
The z = 0.21 accumulation of structures, which we called a pseudo-supercluster, is very interesting in the sense that it is dominated by very compact groups, a fact also reported by Smolĉic et al. (2007) for a smaller region of the COSMOS field. A further unique aspect is the appearance of poor but extremely dense groups consisting of lower luminosity galaxies. Due to the small area covered by the COSMOS field at z = 0.21, we are not able to distinguish conclusively if such exceptional groups are projections of filaments which, locally, are all aligned with the line of sight, or indeed if we are witnessing the advent of a new species of galaxy groups. Nevertheless, more suitable data sets are available and we hope to resolve this puzzle in the future work. We find a coherent structure beyond the scale of a single cluster at redshift z ∼ 2.9, the most distant candidate for a precursor of today's superclusters. This is a sheet-like structure with a narrow filamentary projection in the spatial plane and a broader extent in the radial direction. All clusters in this structure harbour a large population of very bright galaxies suggesting a high mass of the halo. This structure is an obvious target for a future follow-up to establish its real extent in the spatial and radial directions and also . z = 2.9 supercluster. The left-hand panel illustrates the distribution of all galaxies which are members of groups and clusters in the redshift range 2.70 < z ph < 3.00. The middle and right-hand panels show the RA and Dec. distribution of groups and clusters as a function of redshift. The size of the plotting symbols in those two panels is proportional to log 10 ( i=4 L i /L ) of the structures.
verify the membership of the bright clusters. Such accurate mapping of this early supercluster candidate should result in a reliable mass estimate of the member clusters and their likely M/L ratios aiding the studies of structure formation.
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